Diesel engines are a high priority issue in the world, due to their great importance in the automotive industry and in the industry that use this type of engine to generate energy, but due to the CO2 and particulate matter emissions they generate, their use is currently being restricted by these emissions and is studying how to replace them, for which, organizations with regulations regulate the use and reduce the amount of emissions they produce. The study carried out a research on the countries with the greatest publications on diesel engines, considering the performance that has been carried out through a PEST study, through which, the actions carried out by the government with respect to issues related to politics, economy, society and technology are studied.
Introduction
The automotive industry is heavily dependent on traditional fossil fuels, despite the reduction in the amount of petroleum raw materials and concern about the environmental pollution they generate, studies have been carried out with alternative fuels such as alcohols, hydrogen, and vegetable oils, applied to diesel engines in recent years [1] , [2] . Advanced diesel combustion systems, with good efficiency, have been developed practical spraying and combustion models that quantitatively predict the combustion and emissions generated by the engine [3] .
With this, it is possible to develop highly accurate chemical kinetic models to estimate reactions at low temperatures [4] , self-ignition, heat release [5] , such as exhaust emissions and soot produced [6] , [7] . By analyzing gasoline engines, diesel engines have the advantage of producing the required torque with optimum fuel and exhaust gas consumption according to regulations [8] , [9] . Studies have also been conducted on the combustion of a single-cylinder dual-cylinder diesel engine with gasoline injection to show the rate of heat expelled, the fuel consumption in a controlled space [10] . Based on the need to know the current status and progress made on the subject of diesel engines, a study was carried out based on indicators that each of the applications has from a political, economic, social and technological perspective.
The contribution of this study is to understand and show the evolution that has occurred with respect to diesel engines in different countries, analyzing the trend and the number of publications during 2007 to 2018.
Methodology

Review of the concept: Principle of operation of a diesel engine
A diesel engine operates by ignition of the fuel, which is injected at high pressure into a chamber, or into the direct injection engine, with a pre-chamber [11] , which contains air at a temperature above the self-combustion temperature, unlike gasoline engines, which start with a spark. This process is called self-inflammation [12] . Because of this, the mixture very quickly. This combustion causes the gas contained in the chamber to expand, pushing the piston downward. The connecting rod transmits this movement to the crankshaft, which rotates, transforming the linear movement of the piston into a rotating movement. The main advantage of diesel engines compared to gasoline engines is their lower fuel consumption, which is cheap [13] . The common-rail system is currently being used, which reduces fuel consumption [14] , noise [15] and pollutant gas emissions [16] .
Basic components of a diesel engine
A diesel engine basically consists of a block, which is the basic structure of the engine, where the other parts of the engine are located; the crankshaft, which changes the reciprocating movement in rotary motion; the cylinder head, which is the engine element that closes the cylinders at the top and serves as a support for other engine elements; the pistons, which is a cylindrical piston that goes up and down sliding inside an engine cylinder; the cylinder liners, which are the cylinders through which the pistons circulate; Connecting rods that connect the piston and the crankshaft, transmitting the force from one to the other; valves that open and close the intake and exhaust ports at the right time of each cycle; oil pumps that pump oil to lubricate the bearings and moving parts of the engine; the Water Pumps, which are in charge of circulating the coolant through the engine block, cylinder head, radiator, among other components and the Anti Vibrators and Shock Absorbers, which regulate the vibration creating equal forces contrary to those generated so that their effects are annulled..
PEST analysis of Diesel Engine
In order to gain an overview of the medium-and long-term research trend on the subject, a political, economic, social and technological analysis is carried out, better known as PEST, which is a tool to improve the capacity to adapt to the changes needed in a project. Currently, this type of analysis integrates sub-concepts, such as the environmental and industrial factor, and is therefore useful for assessing the capacity to obtain a better view of diesel engine research.
Results and Discussion
PEST Analysis
The changes in the number of articles published on diesel engines in the different countries were due to the regulations applied worldwide to reduce emissions of polluting gases into the environment. The country that has been most academically enriched is India, due to the implementation of the Bharat Stage Emissions Standards
[17], [18] , which regulates the release of MCI pollutants and spark ignition engines, for which research is being conducted to reduce emissions by 2025, and with this, to propose taxes for manufacturers that do not meet the standards and reduce the manufacture of these engines by 2020, the population sees this implementation as positive that will help reduce air pollution in this country. China, with its high industrial and automotive capacity, has standards to control emissions, for the proper use of these engines and reduce their use to promote green energy, for which many industries have proposed to expand their factories to meet new government standards, focusing on alternative ways to make dual engines, implementing electric car technologies. In contrast, the USA, a renowned country and leader in diesel companies, has implemented similar regulations to those in Europe to reduce the amount of emissions into the environment and reduce the manufacture of these engines without affecting the economy, so much research has focused on applying emission reduction methods and combining electrical technologies for these engines, reducing gasoline consumption. Turkey, a leading diesel engine manufacturer, has embraced the European standard Euro VI [19] , [20] , current since 2016, with the aim of reducing emissions and regulating the use of petrol and diesel engines by 2030. Like many European countries, its goal is to completely reduce the use of diesel and gasoline engines by 2030, thereby raising taxes for noncompliant manufacturers and preparing Turkey for the coming years. In Turkey, it is governed by European Union regulations to help reduce emissions and the use of petrol and diesel engines by 2030, now about to implement Euro VI, which focuses on diesel and diesel engines for cars.
Economi c Aspects
Due to the BSES policy implemented in conjunction with Euro 6, diesel engine prices have risen by 40% in the last decade in response to the aspiration to ban diesel fuel and gas by 2030 and only sell cars that run on electricity only
The increase in diesel consumption in industry and automobiles in recent decades has increased the interest of many companies to consolidate their stay in China and expand their production, taking into account the regulations that will apply in future years.
The diesel engine manufacturing industry plays a key role in the U.S. economy, having approximately a 3% impact on the U.S. economy and generating more than 1 million jobs, generating 275 billion jobs per year.
As one of the 20 countries with the largest exports and manufacturing of automobiles, Turkey remains among those places thanks to the great economic support provided by the same industry and with new technologies. In hosting the Euro VI, many of the cars that do not meet the requirements have to pay high taxes on the size of the engines.
Technol ogy
Despite the fact that diesel engines have lowered their production in recent years, technologies have been developed for these engines to reduce their emissions and comply with Indian and European regulations.
Due to the growing demand for electric cars, the main task of researchers is to implement technologies to reduce emissions from diesel engines and to be at the forefront of competition.
Due to its applications in important sectors of industry and the country, technologies have been implemented to reduce emissions and remain profitable; also to comply with the various agreements to reduce emissions, and be the country with a developed economy that emits less CO2 and particulate matter to the environment.
The technologies implemented in diesel engines are focused on reducing emissions and saving gasoline in compliance with those described in Euro VI.
Society
India, being a country with high pollution in its cities, welcomes many regulations that may reduce emissions and be able to recover its country gradually, because daily, many people are in hospitals because of low oxygen in their blood due to air pollution.
Despite the fact that, in recent decades, China has reduced emissions of particulate matter, CO2, among others, it remains a country with high air pollution, for which it believes it is convenient to reduce the manufacture of gas and diesel cars, with which it plans to reduce emissions by 40%.
For centuries, the U.S. has been at the forefront of developing diesel engines, creating technologies accessible to all economic strata and sectors of the country, creating jobs for its people and reducing emissions.
The impact that Turkey generates in the EU and in the world, makes it consolidate as an industry proliferates and prepared for the changes that will come in future years, generating more than
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Analysis of research trends
The country with the most articles published on diesel engines is India, with 923 articles published (17.7%), where since 2013 its production has increased, reflected in an increase in publications during that period, followed by PR China with 919 (17.6%), USA with 610 (11.7%), Turkey with 370 (7.1%) and South Korea with 309 (5.9%) publications respectively. These five countries make up 60% of total publications worldwide, which is equivalent to 3131 of 5211 total articles, as reflected in Figure 1 . 
Conclusions
The strategies taken by the different nations studied have resulted in an increase in studies of diesel engines, bringing about greater prevention and alarm with regard to environmental pollution of the exhaust gases of these engines and reduction of emissions. The organizations in charge of achieving the best performance and complying with the regulations of each country play an important role because, as the years go by, improvements must be implemented for the engines, reducing emissions and maintaining the same efficiency, as well as not being devalued over time with new regulations that restrict the use of the engines. Countries such as India and China have the largest number of publications on diesel engines, thus achieving academic leadership in the field and possible early solutions to the greenhouse effect.
